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ENCAPSULANT MATERIAL FOR SOLAR CELL 
MODULE AND LAMINATED GLASS APPLICATIONS 

Government Interest 

The subject matter described herein was supported in part by Photovoltaic Manufacturing 
Technology (PVMaT) Contract No. ZAP-5-14271-09. 

Field of the Invention 

The invention relates to encapsulant materials for various applications. More particularly, 
the invention relates to an encapsulant material for solar cell module and laminated glass 
applications. 

Background 

Transparent encapsulant materials are used in numerous applications, including solar cell 
module and laminated glass applications. In solar cell applications, transparent encapsulants 
protect and seal the underlying solar cells without adversely affecting the optical properties of 
such underlying materials. In laminated glass applications, transparent encapsulants minimize any 
possible hazards from broken glass. In these applications, the encapsulant is exposed to the 
ultraviolet (UV) rays of the sun and this exposure can result in the yellowing and physical 
degradation of the polymer. To prevent this, UV stabilizers are added to the encapsulant. 

In the manufacture of crystalline silicon solar cell modules, a transparent encapsulant 
material is used to protect the brittle silicon solar cells from breakage and to help seal these cells 
into the overall module structure. The encapsulant material is usually a thermoplastic. The 
thermoplastic is melted, then flows to fill in any open spaces in the module and bonds to all - 
adjacent surfaces. The most widely used encapsulant material for solar cell modules is a 
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copolymer of vinyl acetate and ethylene, known as ethylene vinyl acetate (EVA). EVA is used to 
encapsulate and seal both thin film and crystalline silicon solar cell modules. 

There are several disadvantages associated with using EVA as an encapsulant material that 
adversely affect the quality and manufacturing cost of the solar cell modules. First, an organic 
peroxide is added to EVA in order to cross-link it using the heat which accompanies the 
lamination process. The cross-linking is necessary to increase the creep resistance of the 
encapsulated structure. However, the peroxide is not completely consumed during the cross- 
linking process, and the remaining peroxide can promote subsequent oxidation and degradation of 
EVA In addition, the EVA must be laminated in a vacuum when making a module because of 
the presence of peroxide in the EVA. The reason for this is that oxygen lowers the degree of 
cross-linking, producing an unsatisfactory encapsulant. Second, the preferred EVA usually 
contains 33% (by weight) of vinyl acetate, and thus is a very soft and tacky substance that tends 
to stick to itself. This tackiness makes handling of the EVA material in a manufacturing 
environment much more troublesome and also makes it more expensive to manufacture the base 
resin. As such, the EVA material requires a release paper or liner material to use the material 
after it has been made into sheet. Third, peroxide cured EVA has been known to turn yellow and 
brown under extensive exposure to sunlight for several years. Yellowing and browning causes 
reduction in solar module power output. Fourth, EVA can produce acetic acid under processing 
conditions which can then foster metal contact corrosion. Fifth, EVA is known to be fairly 
permeable to water and is, therefore, far from ideal as a sealant. 

Although virtually any transparent polymer eventually shows some degradation and 
yellowing after exposure to sunlight, an encapsulant material that can withstand degradation and 
yellowing for a longer period of time than EVA is desirable. Ideally, a solar cell module should 
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last for thirty years without showing much sign of degradation. EVA is unlikely to satisfy this 
thirty year duration requirement. In addition to finding a suitable replacement for EVA (or PVB, 
which is described below), it is also necessary to develop a suitable UV light stabilization package 
for the encapsulant. 

In laminated glass applications, the laminated glass is made by forming a sandwich of two 
pieces of glass with a sheet of a transparent polymer disposed between the two pieces. This 
transparent polymer sheet serves to prevent the glass in the laminated structure from shattering 
into dangerous shards when the glass is broken. Windshields on automobiles and architectural 
glass are manufactured in this manner. Poly vinyl butyral (PVB) is a widely used material in such 
polymer sheets in the foregoing laminated glass applications. PVB, however, has several 
drawbacks. First, PVB is extremely hydroscopic (i.e. it absorbs moisture readily). Therefore, it 
must be kept refrigerated and maintained under special atmospheric conditions before it can be 
successfully laminated. Second, PVB is also extremely soft and tacky and, therefore, must be 
used with a release or liner layers. 

Summary of the Invention 

This invention features an encapsulant material that may be used in solar ceil modules, 
laminated glass and a variety of other applications. The encapsulant material is a three layer 
structure. A middle layer is formed of metallocene polyethylene and disposed between two outer 
layers of an acid copolymer of polyethylene. The layer of metallocene polyethylene can comprise 
copolymers of ethylene with butene, hexene, or octene. 

The acid copolymer layers can be derived from any direct or grafted ethylene copolymer 
of an alpha olefin having the formula R-CH=CH, , where R is a radical selected from the class 
consisting of hydrogen and alkyl radicals having from 1 to 8 carbon atoms and alpha, beta- 
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ethylenically unsaturated carboxylic acid having from 3 to 8 carbon atoms. The acid moieties are 
randomly or non randomly distributed in the polymer chain. The alpha olefin content of the 
copolymer can range from 50 - 92% while the unsaturated carboxylic acid content of the 
copolymer can range from about 2 to 25 mole percent, based on the alpha olefin-acid copolymer. 

The layers of metallocene polyethylene and acid copolymer are exceptionally transparent. 
In one detailed embodiment, the metallocene polyethylene layer is formed from a copolymer of 
ethylene and octene, and the acid copolymer layers are based on an ethylene methacrylic acid 
copolymer. 

An encapsulant material which is a combination of these two materials allows for the 
exploitation of the best properties of each material while overcoming the limitations of either 
EVA or of each material if used alone. The outer acid copolymer layers allow the encapsulant 
material to bond strongly to all the adjacent surfaces (e.g. a backskin formed of any suitable 
material). The inner metallocene polyethylene layer which forms the bulk of the encapsulant 
material is a highly transparent, low cost thermoplastic material. The two acid copolymer layers 
are thin (i.e., the order of 0.001- 0.004" thick), and may be based on either an ethylene 
methacrylic acid copolymer or ethylene acrylic acid copolymer (such copolymers containing 7- 
15% by weight of the carboxylic acid). This level of acid content promotes strong adhesive bonds 
with the glass superstate, the silicon cells, and the rear backing surface of the encapsulated 
system as well as exhibiting high light transmission. The metallocene polyethylene has excellent 
optical clarity and superior physical properties compared to the acid copolymers. These superior 
properties are derived from the fact that the metallocene catalyst used results in a polymer with 
narrow molecular weight distribution. 



There are several advantages associated with an encapsulant material which 
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combination of the metallocene polyethylene and ^ acid copolymer materials. One of these 
advantages involves the bonding strength of the encapsulant with all adjacent surfaces. The 
bonding strength is qualitatively described by the method in which the bond failure occurs under 
test conditions. Adhesive bond failure describes the case in which the bond a. the interface fails. 
Cohesive failure describes a much stronger bond, whereby the polymer material Uf Mi b ef ore 
the interface bond. In this case, the interface bond is stronger than the internal bonding of the 
polymer (i.e., the encapsulant) itself. Because of their acid functionality, the outer acid copolymer 
layers will result in cohesive bond failure. The metallocene po,yethy,e„e, on the outer hand, win 
only result in adhesive bond failure, as will EVA. 

Also, because of its tight molecular weight distribution, metallocene polyethylene, used 
alone, would have a rather narrow melting range making the fabrication of sheet from this 
material problematic and creating difficulties in lamination. 

Alternatively, the encapsulant material may be a combination of the metallocene 
polyethylene as the inner layer and ionomers as the two outer layer, lonomers may be fabricated 
by neutralizing the acid copolymers with metal ions from any of the Group I, II or III type metal, 

In contrast to EVA and PVB, the encapsulant material of the present invention is not 
tacky and can be easily handled in a manufacturing environment without the need for any release 
paper. Furthermore, acid copolymers are totally insensitive to moisture and the finished sheet of 
encapsulant material does not need special storage, as required for, and does not need to be kept 
in sealed dark bags as required for EVA 

The invention also features a solar cell module including the above-described encapsulant 
material. The module comprises at least one solar cell and the encapsulant material disposed „ 
adjacent to at least one surface of the solar cell. A front support layer is formed of the light ' 
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training material disposed adjacent a fron, surface of the encapsolan, materia, and a bacfcskin 
layer disposed adjacent a rear surface of the encapsulant material. He from support layer and 
backskin layer are laminated to encapsulate and seal the solar eel! from the ambient atmosphere. 

The invention also features a laminated transparent member including the above-described 
encapsulan, material. The member comprises a fron. support layer formed of transparent 
material, the transparent encapsulan, layer and a rear support layer formed of tmnsparen, material. 
The transparent encapsulan. layer is disposed adjacen, a rear surface of the fron, support !ayer. 
The rear support layer is disposed adjacent a rear aarface of the encapsulan. layer. The fron. and 
rear support layers can be glass or plastic. 

The invention also features a method of manufacturing an encapsulan. material. The 
memod include* the steps of: providing a sheet of metallocene polyethylene; placing a firs, layer 
of acid copolymer adjacen, a fron. surface of the shee. of metallocene polyethylene; and placing a 
second layer of acid copolymer adjacen. a rear surface of .he shee, of metellocene polyethylene. 
The layers of acid copolymer can be bonded to the from and rear surfaces of me she* of 
nteteUocene polyethylene. ,„ one detailed embodiment a three ply sheet of encapsulan. ma,erial 
can be produced from any of several processes for coexfrusion of thermoplastic, Alternatively, 
the acid copolymer in the firs, layer and the second layer may be neutralized to form the firs, and 
second ionomer layers. 



The invention also features a method of manufacturing a solar ceU module comprising the 
steps of: providing a. leas, one solar cel.; forming tine above-described transparent encapsulan, 
material; placing me encapsulan, material adjacen. a, leas, one surface of the solar cel., preferably 
two; and positioning the solar cel. and the encapsu.au, material between a transparent fron, 
support layer and a backskin layer. 



WO 99/04971 

PCT7US98/14927 

-7- 

The invention also features a method of manufacturing a laminated transparent member 
comprising the steps of: providing two transparent support layers; forming the above-described 
transparent encapsulant material; placing the encapsulant material between the two support layers 
to form an assembly; and laminating the assembly to encapsulate the support layers with the 
encapsulant layer. 

Brief Description nf t he Drawing 

FIG. 1 is a cross-sectional view of an encapsulant material incorporating the principles of 
the invention. 

FIG. 2 is a cross-sectional view of a crystalline silicon solar cell module encapsulated with 
the encapsulant material of Fig. 1. 

FIG. 3 is a cross-sectional view of a solar cell module in which the encapsulant material 
and a backskin encapsulates the solar cells. 

FIG. 4 is a cross-sectional view of a Copper Indium Diselenide thin film solar cell module 
which includes the encapsulant material. 

FIG. 5 is a cross-sectional view of an amorphous silicon solar cell module which includes 
the encapsulant material. 

FIG. 6 is a cross-sectional view of a Cadmium Telluride thin film solar cell module which 
includes the encapsulant material. 

FIG. 7 is a cross-sectional view of a laminated glass structure which includes the 
encapsulant material. 

Detailed Descrip tion^ 

FIG. 1 is a cross-sectional view of a transparent encapsulant material 10 incorporating the 
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principles of the invention. In one embodiment, the encapsulant material 10 can be used in a solar 
cell module to protect crystalline silicon solar cells from breakage when they are in a module and 
subjected to mechanical stress during field usage. The encapsulant material also serves to seal the 
module, which is particularly important for thin film modules. In another embodiment, the 
encapsulant material 10 can be laminated between two pieces of glass or transparent polymer to 
provide a composite structure that does not shatter when broken. 

The encapsulant material 10 comprises an inner layer 12 and outer layers 14 and 16. The 
outer layer 14 is disposed adjacent a front surface 18 of the inner layer, and the outer layer 18 is 
disposed adjacent a rear surface 20 of the inner layer. The inner layer 12 comprises a highly 
transparent thermoplastic material. The outer layers 14, 16 are made of transparent polymer 
material that is capable of heat bonding to various materials including glass, metals and other 
polymers. 

In one embodiment, the inner layer 12 can be formed of metallocene polyethylene and the 
outer layers 14, 16 can be formed of an acid copolymer. Metallocene polyethylene is prepared by 
using as a catalyst an organometallic coordination compound which is obtained as a 
cyclopentadienyl derivative of a transition metal or a metal halide. An acid copolymer, for 
example, may comprise copolymers of ethylene and methacrylic acid, or ethylene and acrylic acid. 

Adding 14% comonomer of octene to the metallocene polyethylene produces an inner 
layer 12 having excellent optical clarity. Moreover, the inner layer 12 has improved physical 
properties because the catalyst method used to prepare the material produces a polymer with a 
narrow molecular weight distribution. Polymers made with the usual catalysts tend to have 
significant components of lower molecular weights. The latter reduce the mechanical properties 
of the overall polymer, as compared with the higher molecular weight components of the polymer. 
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Because a poller made from a mcagocene catalys, ha, . tighter moIecuIar weight 

and fewer ,ower moleclar weigh, opponents, it exhibits gteater mechanica, strong* and 
puncture resistance. 

Although metailocene polyethylene has good optica] properties, it {oms bonds which 
exhibit adhesive Mure instead of the much stronger cohesive faiiure. Metaliocene po,yethy,ene it 
a,so difficuh to prone, due to its natrow mo,ecu,ar weigh, distribution. A thermop.astic materia, 
with a narrow moiecular weigh, distribution has a natrow meUing range, making fabrication of a 
sheet of ,he material or iamination difficult. Providing outer Uyers 14, ,6 fonned of acid 
copolymer solves these problems. 

Ino„eembodin,e„ t ,t„eou<er,ayers ,4, 1 6 are fortned of an acid copolymer having a high 
acid content (about 9% by weight free acid). The high acid content provides strong bonds 

cohesive failures on donation testing) and improves the optical properties of tire acid 
copolymer. The ntetallocene po.yethy,ene inner layer 12 comprises ethylene a.pha-o.efin with 
14% contononter of octene. This three layered secure dismays interesting optica, properties 
.5 When this encapsuunt materia is .aminated under beat and pressure, i, appears doudy and Ugh, 
blue. However, when the tota, Hgbt transmission through the materia, is measured using an 
integrating sphere, i, has been found that the tota, amount of Hgbt going through the materia, is 
over 90%. This is due to micro or nano crystahine size regions within .he outer acid eopo,ymer 
layers which scatter the incident Ught The result of encapsulating a solar cell with the 
» encapsman, of the invention is tha, mere is no reduction in tight reaching the ceU as compared to 
an EVA encapsulated solar cell. 

The shot, circuit ctnren, density which is a direc, meagre of the amoun, of hgh, reaching 
the so.ar ce„, was measured on so.ar ce„s without toination and solar cells iaminated with 
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encapsulant of the invention and aJso with EVA under a piece of glass. Four samples with the 
new encapsulant and four samples with cross linked EVA were measured, with the result that the 
new encapsulant samples showed a net average gain in short circuit current of 2.2% and the EVA 
samples a net average gain of 1.7% after lamination. 

The encapsulant material 10 can be formed by any number of film or sheet coextrusion 
processes, such as blown-film, modified blown-film, calendaring, and casting. In one 
embodiment, the encapsulant material 10 is formed by coextruding, in a blown film process, the 
metallocene polyethylene layer 12 and the acid copolymer layers 14, 16. In particular, the layer of 
metallocene polyethylene 12 includes first and second sublayers 12a, 12b of metallocene 
polyethylene. The first acid copolymer layer 14 is coextruded with the first sublayer 12a of 
metallocene polyethylene, and the second acid copolymer layer 16 is coextruded with the second 
sublayer 12b of metallocene polyethylene. The first layer 12a of metallocene polyethylene (along 
with the first acid copolymer layer 14) is then bonded to the second layer 12b of metallocene 
polyethylene (along with the second acid copolymer layer 16) to produce the encapsulant material 
10. In this way, a thicker encapsulant layer and the desired 3-layer structure can be formed. 

The acid copolymer layers 14, 16 can have a thickness in the range of 0.001-0.004 inch, 
and the layer 12 can be of any desired thickness. For solar cell applications, the layer 12 can have 
a thickness of approximately 0.015 inch such that the overall thickness of the encapsulant material 
10 has a thickness of approximately 0.018 inch. The encapsulant material 10 can be manufactured 
as elongated sheet that can be stored in convenient rolls of any desired width. 

Alternatively, the inner layer 12 can be formed of metallocene polyethylene and the outer 
layers 14, 16 can be formed of an ionomer. The ionomer may be formed by neutralizing the acid 
copolymer with metal ions. The process of forming an encapsulant material comprising acid " 
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copolymers, as described above, may also be used ,o form the encapsulant serial comprising 
ionomers. 

FIG. 2 is a cross-sectional view of a solar cell module 20 in which the encapsulant material 
10 encapsulates interconnected crystalline silicon solar cells 22. The encapsulant material .0 is 
disposed adjacent the front 23 and rear surfaces 24 of the interconnected solar cells 22. The 
encapsulant material .0 adjacent the rear surfaces 24 of the interconnected solar cells 22 may be 
pigmented. The encapsulant material 10 may be bonded to the interconnected solar cells 22. A 
front support layer 26 formed of light transmitting materia, covers front surfaces 23 of me 
encapsulated interconnected solar cells 22. The front support layer 26 may be formed of glass or 
transparent polymer. A backskin layer 28 is disposed adjacent to the rear surfaces 24 of the 
encapsulated interconnected solar colls 22. The baclcslcin layer 28 can be formed of (1) a 
polymer such as tedlar laminate, (2) a thermoplastic material that can be used to form edge 
sealing, thus eliminating me neod for an aluminum frame, or (3) a pieco of glass forming a double 
glass module. In one detailed embodiment, the backskm layer 28 can be a thermoplastic 
polyolefin comprising a mixture of a. least two acid copolymers such as a sodium acid copolymer 
and a zinc acid copolymer with or without 10-20% (by weight) glass fiber. 

FIG. 3 is a cross-sectional view of a solar cell module 30 in which the encapsulant material 
10 and the backskin layer 28, in combination, encapsulate the interconnected solar cells 22. The 
encapsulant material ,0 is disposed adjacent the from surfaces 23 but.not the back surfaces of the 
interconnected solar cells 22. The encapsulant material need no, be placed adjacent the rear 
surfaces 24 of the interconnected solar cells 22. The backskin layer 28 serves as the rear 
encapsulant and as the rear surface of the module. 



HG. 4 is a cross-sectional view of a solar cell module 40 which includes 



a thin film of 
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Copper Indium Diselenide (CIS). A Zinc Oxide (ZnO) layer 32 is disposed on a front surface 3 1 
of the Copper Indium Diselenide (CIS) film 34 and a back contact 36 is disposed on a rear surface 
33 of the film 34. The encapsulant material 1 0 is disposed on the ZnO layer 32 and the front 
support layer 26 is disposed on the encapsulant material 10. The substrate layer 28, which can be 
formed of glass, plastic or metal, is disposed adjacent a rear surface of the back contact 36. For 
purposes of this invention, CIS is considered equivalent to the general class of I-III-VI 2 
compounds such as the pentenary compound Cu(In,Ga)(Se,S) 2 . Also, the transparent conducting 
layer (i.e., the ZnO layer) is considered the equivalent to the combination of the transparent 
conducting layer with a thin buffer layer (e.g., a 500 A layer of CdS). 

FIG. 5 shows a cross-sectional view of an amorphous silicon solar cell module 50 
comprising the encapsulant material 10. A layer of thin transparent conducting oxide 42 (e.g., Tin 
Oxide (Sn0 2 )) is coated on a front support layer 26 comprising glass. An amorphous silicon layer 
44 is disposed adjacent a rear surface of the oxide layer 42, and a rear contact 46 is disposed 
adjacent a rear surface of the amorphous silicon layer 44. The encapsulant material 10 is disposed 
adjacent a rear surface of the rear contact 46. The backskin layer 28, which can be formed of 
glass, plastic or metal, is disposed adjacent a rear surface of the encapsulant material 10. A front 
support layer comprising glass is disposed on the oxide layer 42. 

FIG. 6 is a cross-sectional view of a Cadmium Telluride (CdTe) thin film module 60. A 
rear surface of the front support layer 26 is coated with a thin transparent conducting oxide layer 
42. A layer of Cadmium Sulfide (CdS) 52 is placed adjacent to a rear surface of the oxide layer 
42, and a layer of Cadmium Telluride (CdTe) 54 is placed adjacent a rear surface of the CdS layer 
52. A rear contact 42 is placed adjacent a rear surface of the CdTe layer 54. The encapsulant 
material 1 0 is placed adjacent a rear surface of the rear contact 42, and a backskin layer 28 is * 
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disposed adjacent a rear surface of the encapsulan, material 10. 

FIG. 7 la a cross-sectional view of a laorioated glass or .ransparen, polymer assembly 70 
A front support lay er 6 2 formed ^ ^ „ ^ ^ a ^ ^ _ _ ^ 

•he encapsulan. materia, ,0 and a rear support layer 64 also formed of transparent materia, is 
3 ^adiacntarearsurfacemotheencaps^antma^.O. The entire assembly 70 is ti,e„ 
lam.na.ed to encapsu,a,e the support iayers 62, 64 with the encapsuJan, materia, 10. 

The invention also features a UV s,abi, iz a„on additive package empioyed in the 
encapsulan, materia, to prevent degrade. Photo-oxidadon (oxidation caused hy OV light) and 
menual-oxidation (oxidation caused by heat) are two mechamsm drat cause degradation By 

degradation for an extended period of time. When used in solar ce„ modules, the encapsulan, 

- — glass or transparent polymer applicadons, the encapsulan, materia, can last even 
-onger, since the e„capsu.a„, has no exposure to oxygen or water vapors except a. the edges of 
ure ,ami„a,ed structure. ,f the edges are well sealed, the liltelihood of any photo-oxidadon taMng 
place is very low. 

The station additive package must be appropriate for the applications in which the 

as the metadocene po,yethy,e„e ,ayer , 2 and the acid copolymer ,ayers ,4, ,6 of the e„caps„,ant 
— ■ 10. Action additive package hauo be soluble in bod, materials up to the level 
desued. Otherwise, a concentration gradient and migration would occur. Metallocene polymers 
Senerauy have lower solubilhy man acid copolymers, making the selection of stabilizer, a non- 
trivial matter. 
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- nodule and ,ann„a,ed ^ appHcat;ons> (he ^ fflta a ^ ^ ^ 
» — «% k .ab S o rt e nar e Iaiowntoraultl , yenowjngthemselvM 

phenolic A0 S are known ,o result in y e, lowiDg 

Based on the foregoing considerations, the „,„ ^ ^ rf 

- ---onoonrp^aeo™^^^^ Q-lhfc- 

nonne light stabilizer provides ntaim, pboto-oxidative stabilization. 

In one en^odintent, the stable additive package includes 0,-0. 25 % hindered attune 
wtthahighorderofprotection against ^emta. option and photo-o.danon and 0 25 , o-, of 

hntdered andne would bepreferred for ^.h activities. However, a hindered antine ^ ^ 
^^^--^he^^^^^^^^ 
copo.yn.er used in the eucapsulan, ^ ntaldng this search difficult. 

Examples of hindered amine stabilizers that provide thermaJ ^ ^ ^ 

bis[N' J N"-dibutyl.N' N"-bisfl 2?fifin 0 . l, 

>N b ^U,2,6 > 6-pentameth y l-4-pip e ridinylHChimassorb 1 19, CAS Reg 
No. 106990-43-6); N N'-bisf? ? * « t * 

blS(2,2 ' 6 - 6 - Te ^^-P^^^ poiynterwith 
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A***. and 2,4,4-^,;^^ (chjmassorb 944 _ ^ ^ 

2,4,6-,richJoro-l,3,5-,riazi„e and tetrahydro-M-oxazine (Cyasorb UV 3346). 

Exampies of hindered amine atabiiizers m provide photo . oxidative ^ 
» dtaethy, .ccinate P o,ymer with 4-^,^. , ^ ^ 

622, CAS Reg. No. 65447-77-0); bi s( 2,2,6,6.„y 1 -4.p ip e ri di„y„ aebacate (Win 770 
ACS Re g . No. 52329-07-9); propanoic acid, [C^oxypbenyO-n.e.by.ene,-, bia (, 2 2 6 6- 
P^tamemyM-piperidiny,) eater, (CAS Registry No. 94274-03-0, Sandnvor PR-3 ,); Po,y- 
^PrW^WM.^yO Myl] sdoxane (Uvasi, 299HM); and 3-Dodecy,- 
l-(2,2.6,6..e,ramethyl-4-pipe„di„yl)- 2 ,5-pyrroBdinedione (Cyaaorb UV 3604). 

in ano,ber embodiment, the hindered amine .ight stabibzers may be grafted onto a poiymer 

graft onro a poiymer secure. Onee a hindered amine high, stabilizer is grafted onto a polymer 

it remams in place aa a stabilizer in the polymer. 

Equivalen ts 

WhUe the invention baa been particular* shown and described with reference to 
specific preferred embodiments, i, ahouid be understood by thoae skilled in the art that 

and scope of the invention aa defined by the appended elaima. 
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Claims 
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An encapsulant material comprising: 

a first layer of an acid copolymer of polyethylene; 



a layer of metallocene polyethylene disposed adjacent a rear surface of the 
4 first layer; and 



a second layer of an acid copolymer of polygene disposed adjacent a 
rear surface of the layer of metallocene polyethylene. 

The enchant materia! of claim , wherein the first layer of the acid copolymer of 
po.yethy.ene and the second ,ayer of the acid copo.ymer of polyene are 
capable of adhering to an adjacent surface. 

The encapsulant material of claim I wherein the layer of metanocene 
polyethylene comprises comonomer of hexene. 

The encapsulant materia, of claim , wherein the ,ay=r of neocene polyene 
comprises comonomer of butene. 

The encapsuta material of Calm 1 wherein the metanocene polyethylene la 
ethylene alpha-olefln comprising comonomer of octene. 

The encapaman, materia, of Cairn , wherein the firstlayer of me acid copolymer of 
Polye.hy.ene and the second .ayer of the acid copolymer of po.yethy.ene have 
between 7 and 15% free acid content by weight. 

The encapsute materia, of Calm 5 wherein the first ,ayer of the acid copolymer of 
Polyene and me second layer of the acid copo,ymer of polyethylene, each - 
comprises a copolymer of methacrylic acid and ethylene. 



8. 



9. 



10. 
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The encapsulan, material of cIaira 5 ^ ^ ^ ^ ^ 

PO.ye.hy.ene and the second layer of the acid copo.yn.er of po.yethy.ene, each 
comprises a copolymer of acrylic acid and ethylene. 

The encapsulan, materia, of claim 1 wherein the ,ayer of metallocene polyethylene 
the firs, and second layers of acid copolymer of polyethylene are substantially 
transparent. 

The encapsulan, materia, of cIaim , ^ ^ |ayer 
comprises two sublayers of metallocene polyethylene bonded together. 
The encapsulant materia, of claim , wherein, he firs, ,ayer of the acid copolymer of 
polygene and me second layer of me acid copolymer of polyemyiene, each has 
a thickness in the range of 0.001-0.004 inch. 

12. A solar cell module comprising: 
at least one solar cell; 

a transparent encapsulan, materia, di sp0S e d adjacent « leM , 0M ^ rf 
^e solar eel,, me encapsulan, material comprising (,) a firs, layer of an acid 
copolymer of polyeftyiene, (2) a layer of metefiocene polyethylene disposed 
adjacen, a rear surface of the firs, layer, and (3) a second layer of an acid 
copolymer of polyemylene disposed adjacen, a rear surface of the layer of 
metallocene polyethylene; 

a front support layer formed of light transmitting materia, disposed 
adjacent a front surface of the encapsulant materia,; and 

a backsMn ,ayer disposed adjacen, a rear surface of ft. encapsulan, 
material. 
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The solar cell module of claim 12 wherein the at least one solar cell comprises a 
2 plurality of interconnected solar cells. 



1 14. 
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1 15. 
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The solar cell module of claim 12 wherein the encapsulant material comprises a 
first encapsulant layer disposed adjacent a front surface of the solar cell and a 
second encapsulant layer disposed adjacent a rear surface of the solar cell. 
The solar cell module of claim 12 wherein the solar cell is formed of a thin film of 
semiconductor material and a transparent conductor, and the backskin is formed of 
a transparent conducting layer. 

The solar cell module of claim 15 wherein the thin film is formed of Copper 
Indium Diselenide and the encapsulant material is disposed on a front surface of 
the transparent conducting layer. 



10US 



The solar cell module of claim 15 wherein the thin film is formed of amorphc 
silicon and the encapsulant material is disposed on a rear surface of a metallization 
layer. 



The solar cell module of claim 15 wherein the thin film is formed of Cadmium 
Telluride and the encapsulant material is disposed on a rear surface of a 
3 metallization layer. 



A laminated transparent member comprising: 

a front support layer formed of transparent material; 

a transparent encapsulant layer disposed adjacent a rear surface of the front 
support layer, the encapsulant layer comprising (1) a first layer of an acid ' 
copolymer of polyethylene, (2) a layer of metallocene polyethylene disposed 
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adjacent a rear surface of the firs, layer , ^(3, a second layer of an acid 
copo Iymer of polyethyIrae dl , poMd adjaceM a ^ surf . m ^ ^ ^ ^ 

metallocene polyethylene; and 

a rear support lay er formed of transparent material ^ ^ ^ § 
rear surface of the encapsulant layer. 

W tra.paxen, tnenrterof Cain, „ wherein ^ 
glass or plastic. ' "~™~ 



' 2,. ^'^^Parentn^erof^,,^.^^^^. 
2 glass or plastic. 



1 22 
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A method of manufacturing an encapsulant material comprising: 
providing a sheet of metallocene polyethylene; 

Placingafirstlayer of an acid copolymer of polyethylene adjacent a front 
surface of the sheet of metallocene polyethylene; and 

Placing a second layer of an acid copolymer of polyethylene adjacent a rear 
surface of the sheet of metallocene polyethylene. 

The method of claim 22 farther comprising bonding the first layer of the acid 
copolymer of polyethylene to the front surface of the sheet of metallocene 
Polyethyleneandhondingthesecond layer ofthe acid copolymer ofpolyethylene 
to the rear surface ofthe sheet of metallocene polyethylene. 

^st layer of metallocene polyethylene and a second layer of metallocene ■ 
polyethylene. 
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25. The method of claim 24 further comprising bonding the first layer of the acid 
copolymer of polyethylene and the first layer of metallocene polyethylene and 
bonding the second layer of the acid copolymer of polyethylene and the second 
layer of metallocene polyethylene. 

26. The method claim 24 further comprising bonding the first layer of metallocene 
polyethylene to the second layer of metallocene polyethylene. 

27. A method of manufacturing a solar cell module comprising: 

providing at least one solar cell; 

forming a transparent encapsulant material of: (1) a first layer of an acid 
copolymer of polyethylene, (2) a layer of metallocene polyethylene disposed 
adjacent a rear surface of the first layer, and (3) a second layer of an acid 
copolymer of polyethylene disposed adjacent a rear surface of the layer of 
metallocene polyethylene; 

placing the encapsulant material adjacent at least one surface of the solar 
cell; and 

positioning the solar cell and the encapsulant material between a 
transparent front support layer and a backskin layer. 

28. A method of manufacturing a laminated transparent member comprising: 
providing two transparent support layers; 

forming a transparent encapsulant comprising: (1) a first layer of an acid 
copolymer of polyethylene, (2) a layer of metallocene polyethylene disposed 
adjacent a rear surface of the first layer, and (3) a second layer of an acid 



WO 99/04971 

PCT/US98/14927 

copolymer of polyethylene disposed adjacent a rear surface of the layer of 
metallocene polyethylene; 

Placing the encapsulan, iayer in between the two suppon layers to form an 
assembly; and 

laminating the assembly to encapsulate the support layers with the 
encapsulant layer. 
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FIG. 4 
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FIG. 6 
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